Abstract
INTRODUCTION
In the broad spectrum of activities covered by geodesy, one of the primary tasks is the establishment of a well defined coordinate system and datum for accurate positioning on the earth surface. These coordinate systems or datum's, which may be of a local or regional nature, or even of global extent, have a variety of uses in the realms of both scientific and applied geodesy. Many coordinate systems are available in geodesy and mapping. The most commonly used are the cartesian and global coordinate systems because the latitude/longitude concept will always have the most direct appeal for terrestrial applications like surveying, near-surface navigation, positioning and mapping [1] . For instance, the well-known Global Positioning System (GPS) receiver obtains global coordinates (latitude, longitude) which can be conveniently transformed into cartesian (Earth-Centre Earth-fixed) coordinate system for mapping surveys. Several transformation procedures and relationships have been put forth by researchers in transforming global coordinates to cartesian coordinates and vice versa [2] [3] [4] [5] [6] [7] [8] [9] . The most widely used relationship between global coordinates (latitude, longitude, height) and cartesian coordinates (X, Y, Z) is given by Bowring's Algorithm [10] [11] [12] [13] [14] [15] [16] . Despite Bowring's algorithm establishing a mathematical relationship between global and cartesian coordinates and being widely used, the simplicity of this relationship is yet to be realized, especially in developing countries where geodesy has not reached advance stage. For example, in Ghana, before the formula can be used, the iterative Abridged Molodensky transformation is applied to the geographic coordinates of common points on the WGS 84 and Ghana War office ellipsoid to determine the transformation parameters which are in return used to calculate the ellipsoidal height. Instead of using these complex mathematical relations resulting in time consuming, it is proposed that linear regression model can serve as an alternative in predicting cartesian planimetric (2-D) coordinates and provides statistical meaning between the global and cartesian coordinates systems.
To this end, this research is aimed at determining regression models that can predict cartesian planimetric coordinates (X and Y) from global coordinates (Latitude and Longitude) at different epochs (morning and evening).
MATERIALS AND METHODS

Presentation of the Study Area
The University of Mines and Technology (UMaT) campus is the study area. UMaT is located in the mining town of Tarkwa in the Western Region of Ghana. Tarkwa is the Administrative capital of the Wassa West District located in the southwest of Ghana (approximately on longitude 2 0 59 ' 45'' W and latitude 5 0 17'42'' N) and is 160 m above mean sea level [17] . The town is about 85km from Takoradi, which is the regional capital, 233 km from Kumasi and about 317 km from Accra [18] [19] . The University Campus covers an area of approximately 1.39 km 2 of undulating land and attractive surroundings, about 2 km south of Tarkwa [19] . Figure 1 is the map of Wassa West District showing location of Tarkwa. UMaT, Tarkwa area has a South-Western Equatorial Climate with seasons influenced by the moist South-West Monsoon Winds from the South Atlantic Ocean and the North-East Trade Winds. The mean rainfall is approximately 1500 mm with peaks of more than 1700 mm in June and October. Between November and February, the rainfall pattern decreases to between 20 and 90 mm. The mean annual temperature is approximately 25 degrees Celsius with small daily temperature variations. Relative humidity varies from 61 % in January to a maximum of 80 % in August and September [20] . The topography of the Tarkwa area is generally described as a remarkable series of ridges and valleys parallel to one another and a true reflection of the pitching fold structures of the Banket Series of the Tarkwaian System. The ridges are formed by the Banket and Tarkwa phyllite whereas Upper quartzite and Huni Sandstone are present in the valleys. Surface gradients of the ridges are generally very close to the Banket and Tarkwa phyllite [17] . 
Materials
Primary data was collected by field work using Handheld Global Positioning System (GPS) receiver. Data structures, descriptive and summary statistics for the various control stations selected were produced with International Business Machines Statistical Package for the Social Sciences Version 19 (IBM SPSS V.19). Maps were produced with ILWIS (Version 3.3).
Methods
The research work was carried out in the following steps: planning of the survey; reconnaissance; method of surveying and data acquisition; data processing and analysis.
Planning of the Survey
To ensure that results from GPS receivers are reliable and accurate there is a need for proper planning. During planning, several factors were considered as suggested by many researchers [21] [19] [22] .
Reconnaissance
A reconnaissance survey was carried out at the UMaT campus. Fifteen (15) control points were selected for this research. Precautionary measures were taken into consideration in selecting the control points [19] because they must be reliable and suitable for GPS observations. The reconnaissance survey was carried out in a day. All potential problems to GPS survey work were taken note of. Through this exercise the boundary points of the survey area were picked as shown in Figure 2 . The absolute GPS Survey technique was adopted. In this research, a handheld GPS receiver was used to find the absolute positions (Latitude and Longitude) of the selected control points of known cartesian planimetric coordinates at UMaT. The static mode was used to operate the handheld GPS receiver. The observations were made in the morning and evening for a period of 3 days. In total, 45 datasets were collected. Data uploaded in the field by the receiver and recorded in the field book were sent to the office for post-processing.
Data Processing and Analysis
A sample of the downloaded raw data in degree decimals are shown in Table 1 . The first and second day datasets (30 in total) were used to develop the regression model while the third day datasets (15 in total) were kept for validation purposes. Hence, the mean average of datasets applied for the model formulation was calculated as shown in Table 2 . The IBM SPSS V.19 software was used to get the descriptive statistics for the research data. To evaluate the datasets, the statistical mean for morning and evening observations were calculated for both latitude and longitude for all the fifteen selected control stations. Table 2 shows a section of the mean values of some selected control points for morning observation. 
Regression Models Developed
Regression models were established between global (Latitude, Longitude) and cartesian planimetric coordinate (X, Y) systems as shown in Table 3 and Table 4 respectively. The regression model is in the form Y i = β 0 + β 1 X i . Where Y i is the estimated coordinates (X/Y) in meters, X i is the latitude/Longitude for both observations (morning and evening), β 0 is a constant, and β 1 is the regression model coefficient (slope). The graphs in Figure 4 (b) and 5(b) suggest a linear and negative slope between longitude and X coordinate. The regression models (Table 3 and 4) for the X coordinate also reveals that a negative slope exists between the variables (Longitude and X coordinate) such that for every one unit increase (decrease) in longitude, the X coordinate will decrease (increase) by 34459.862 and 107689.093 respectively. The existence of this negative relationship (slope) between the two variables is due to the fact that both variables are moving in opposite directions. Table 3 and 4 also show a positive linear relationship (slope) because the latitude and Y coordinates move in the same direction such that as the latitude increases (decreases), Y increases (decreases) by 10371.4552 and 109521.884 respectively. 
(a). A graph of Y-coordinate against Latitude (b). A graph of X-coordinate against Longitude
Checking the adequacy of the Regression Models developed
The following methods elaborated below were the techniques used in the evaluation of the regression models determined between the global and cartesian planimetric coordinates system.
R 2 and R Statistic
The deterministic model (R 2 ) and the correlation coefficients (R) between the variables were calculated and the results are shown in Table (5 & 6 ). The coefficient of determination (R 2 ) is a criterion that is commonly used to measure the adequacy of the statistical prediction. The closer R 2 is to 1 the better the prediction. On the basis of the results, the R 2 values for longitudes were 0.476 and 0.969 for morning and evening observations, respectively (see table 5) while the latitude yielded 0.973 and 0.993 for morning and evening observations, respectively . These values of R 2 indicated that the model describe the variation in the data with reliable accuracy except for longitude parameter when using morning observation data. The coefficient of correlation (r) corroborated this high strength of linear dependence between the two variables of the proposed regression models. In addition, comparison was made with respect to the correlation coefficient values obtained ( Table 6 ). The results revealed a positive correlation between global and cartesian planimetric coordinates system for all the observations. The strength of the relationship for evening observations was stronger than that of the morning. This implies that a stronger relationship exist between the evening observations than morning observations. The correlation coefficient values obtained therefore, buttresses the point that GPS data should preferably be collected at night than during day time in absolute point positioning. This is because ionosphere is activated by solar radiation so its disturbances are much more severe on GPS observation during the day time than at night. 
Test for Non-Zero Slope
A hypotheses test for regression model coefficient (slope) was performed at 5% significance. This was done to ascertain whether the true value of the regression model coefficient, the slope (β 1 ), has a significant linear relationship between Latitude/Longitude and X/Y coordinates. If there is, then the slope will be significantly different from zero. Table 7 shows the calculated | t | (non-zero slope) for both morning and evening observations. In order to test these hypotheses, the measures of dispersion (standard error) around the slope estimate were calculated (Table 8 ).
An interval was also constructed around the slope estimates and a two tailed test of 95% Confidence Interval was performed as shown in Table 9 . From table 7, since calculated | t | exceeds the appropriate critical values t (0.025, 13) = 2.16037, the conclusion is that the data provides convincing evidence that β 1 is different from zero. This attest to the point that there is a non-zero (positive) association between global and cartesian planimetric coordinate system, hence H 0 : β 1 = 0 is rejected. A 95 % confidence interval for the slope β 1 is shown in Table 9 . The probability is 0.95 that the values of the population slope, β 1 is between the individual intervals for the observations shown in Table 9 . Since the value of zero does not fall within the interval the null hypothesis is rejected.
Testing of Hypothesis
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t-test on the correlation coefficients
To further confirm the correlation between global and cartesian planimetric coordinates for both morning and evening observations, a test of hypotheses (t statistic) was conducted on the correlation coefficients. The results established a strong correlation between the global and cartesian planimetric coordinates for morning and evening observations (Table 10 ). Since the calculated | t | (Table 10) is greater than the critical value t (0.025, 13) = 2.16037, hence the hypothesis of no correlation is rejected. Where; r = correlation coefficient (refer to Table 5 ) n = number of observations = 15 Decision Rule: Reject H 0 if | t | > t α/2, n-2 ; from student t-distribution tables, t (0.025, 13) = 2.16037 Conclusion: If the calculated | t | is greater than t α/2, n-2 , reject the null hypothesis and vice versa. 
Testing of Hypothesis
Assessing the sufficiency of the Functional Part of the Model
To assess the sufficiency of the functional part of the model, scatter plots of the residuals against the independent variables in the model was done. The residual plots for morning and evening observations do not exhibit any systematic structure indicating that the model fit the data well as shown in Figure 6 & 7 for both morning and evening observations. It can be observed in Figure 6&7 that the residuals are randomly distributed around the horizontal line representing a residual error of zero. That is, there is no distinct trend in the distribution of the points. The residual plots for morning and evening observations do not exhibit any systematic structure suggesting that the model fit the data well and the statistical assumption that regression function is linear in the parameters is fully satisfied as Figure 6&7 buttress this point.
(a). Latitude (b). Longitude
Detecting Non-Constant Variation across data
A scatter plot of the residuals against the predicted values was carried out (Figure 8 
Assessing the independency of the Random Errors
The statistical assumption of independent random errors was tested using the lag plot of residuals for both observations. This was used to suggest whether an error term is independent or not. With reference to Figure 10 & 11, the lag residual plots suggest that the error terms from each fits are independent. There is no deterministic pattern or structure evident in the lag residual plots. In each case, the residuals are randomly scattered around the origin in a scattershot fashion. The same situation was observed for all observations. 
Testing Normality of Random Errors
To further test and verify the normality assumptions of the random errors (error terms) in the model, the histogram of residuals and normality probability plot for all observations (morning and evening) was done. The results attest to it that the random errors in the models developed follows normal distribution (Figure 12-15 ). As shown in Figure 14&15 , the data are spread roughly along the straight line. This concludes that the data are normally distributed. The shape of the histogram (Figure 12 &13 ) supports this conclusion. 
Testing Model Validity
The validity of the regression models was further tested by drawing scatter diagrams. Typical scatter diagrams for all models are presented in Figure16&17. The figures represent scatter plots from the 15 independent validation data (data collected on the 3rd day of observation).
Figure16&17 were used to show the correlation between the residuals. It was noticed from the figures that there is an existence of over and under predictions by the regression models. The model prediction results for all observations (morning and evening) are shown in Table 11 and 12. In order to make the application of the models easier, an executable program was created for the developed regression models with the MFC AppWizard (exe) in project using Microsoft C++ 6.0 standard edition. The idea in the computer programming algorithm and the designed interface for this research work will enhance easy prediction of cartesian planimetric coordinates in the UMaT campus. Figure 18 shows the designed interface when the MFC.exe application was executed. This interface can be used by inputting the latitude and longitude readings of any survey control in UMaT and clicking on the calculate bottom. This gives the cartesian planimetric coordinates in UMaT. The plot in Figure 16&17 , shows data points lying below and above the Y=X line, indicate overand under-prediction by the regression models, respectively. It was also observed from Figure 16&17 that a tendency to have runs of positive and negative residuals indicates the existence of a certain correlation. The plot shows that the residuals are distributed evenly in both positive and negative along the run. Hence the data is independent. With reference to Figure 16&17 , the observed values and predicted values of the responses are scattered close to the 45 0 line indicating an almost perfect fit of the developed regression model. It was also noted that the results obtained from the model proved that the error associated in the predictions (independent check) is much lower than the one obtained by the theoretical model predictions. This means that the regression model can predict to a higher accuracy as shown in Figure 16&17 .
A critical observation of model prediction values (shown in Table 11&12 below) shows that the regression models for the evening observations have a higher predictable accuracy than the morning. This strongly suggests that the data collected with a GPS in the evening is better than in the morning. The negative and positive residual values in Table 11&12 represent under predictions and over predictions by the regression models. Finally, in both observations, the predicted values for Y coordinate were better than X coordinate. 
CONCLUSIONS
From the results it can be concluded that:
1. Regression models have been developed for predicting cartesian planimetric coordinates at different epochs in UMaT, Tarkwa campus using latitude and longitude at 95% confidence level. But the validity of the model is limited to the range of parameters considered for this research.
2. The evening regression models are the best choice for predictions than the morning especially when predictable accuracy of the GPS observations is taken into consideration.
3. The results obtained from the model proved that the error associated in the prediction is much lower than the one obtained by the theoretical model.
4.
Taking into account that a Handheld GPS was used for data collection, the accuracy of the developed model can be improved by using dual or single frequency GPS receivers mounted on a tripod, using differential GPS technique, accommodating more number of parameters and larger datasets beyond the study area to enable extrapolation as this model can only be used for interpolation purposes (within UMaT campus).
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